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(57) ABSTRACT

Provided is a terahertz wave generating/detecting apparatus
and a method for manufacturing the same. The terahertz wave
generating/detecting apparatus includes; a substrate having
an active region and a transmitting region; a lower metal layer
extending in a first direction on the active region and the
transmitting region of the substrate; a graphene layer dis-
posed on the lower metal layer on the active region; and upper
metal layers extending in the first direction on the graphene
layer of the active region and the substrate in the transmission
region, wherein a terahertz wave is generated or amplified by
a surface plasmon polariton that is induced on a boundary
surface between the graphene layer and the lower metal layer
by beated laser light applied to the graphene layer and the
metal layer.

17 Claims, 7 Drawing Sheets
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APPARATUS FOR
GENERATING/DETECTING TERAHERTZ
WAVE USING GRAPHENE AND
MANUFACTURING METHOD OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims prior-
ity under 35 U.S.C. §119 of Korean Patent Application No.
10-2012-0154839, filed on Dec. 27, 2012, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention disclosed herein relates to an optical
device and a method for manufacturing the same, and more
particularly, to an apparatus for generating/detecting a tera-
hertz wave using graphene.

A frequency region of about 0.1 THz to about 10 THz
(where 1 THz=10"? Hz) is defined as a terahertz wave in
electromagnetic wave spectrum band. Particularly, a fre-
quency region of about 0.1 THz to about 3 THz is a region in
which rotational resonant frequencies of various molecules
exist. Since the terahertz is used for a non-destructive method,
a non-opening method, and a non-contact method, it will
provide a future promising technology having a new concep-
tion which does not exist so far in medicines, medical sci-
ences, agriculture foods, environment measurements, bio,
communication, nondestructive inspection, advanced mate-
rial evaluation, and the like. Recently, terahertz-related tech-
nologies are being actively developed.

The terahertz technologies are recognized as core tech-
nologies for realizing the human-centered ubiquitous society
because a band electromagnetic wave has low energy of about
several meV which has a little influence on human bodies.
Therefore, it may be expected that the terahertz technologies
significantly increase in demand. Although numerous
related-studies are introduced, terahertz technologies which
satisfy real-time, portable, low cost, and broadband proper-
ties at the same time are not developed yet. Since terahertz
technologies are continuously improved to announce notice-
able results with respect to terahertz spectrum and video
image application, it may be expected that envisioned sug-
gestions for systems are proposed soon. Unlike a terahertz
image system in which it is necessary to utilize a high-output
wave source and a high sensitivity array type detector, a
terahertz wave source having a broadband is essential in the
terahertz spectrum. Since broadband characteristics of sev-
eral terahertz-classes are relatively easily realized under the
optical base, the terahertz technologies are developed so for
as optical technology bases.

SUMMARY OF THE INVENTION

The present invention provides a novel apparatus for gen-
erating/detecting a terahertz wave using graphene.

The present invention also provides an apparatus for gen-
erating/detecting a terahertz wave which is capable of using a
catalyst layer for forming graphene as a medium for generat-
ing/detecting the terahertz wave.

Embodiments of the present invention provide terahertz
wave generating/detecting apparatuses including: a substrate
having an active region and a transmitting region; a lower
metal layer extending in a first direction on the active region
and the transmitting region of the substrate; a graphene layer
disposed on the lower metal layer of the active region; and
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upper metal layers extending in the first direction on the
graphene layer of the active region and the substrate of the
transmission region, wherein a terahertz wave is generated or
amplified by a surface plasmon polariton that is induced on a
boundary surface between the graphene layer and the lower
metal layer by beated laser light applied to the graphene layer
and the lower metal layer.

In some embodiments, the upper metal layers may be
spaced apart from each other in a second direction crossing
the first direction. A dielectric layer may further be included
on the graphene layer between the upper metal layers.

In other embodiments, the dielectric layer may include a
polymer. The polymer may include benzocyclobutene
(BCB). The polymer may include a certain material having an
adequate refractive index required forming the surface plas-
mon polariton.

In still other embodiments, the terahertz wave generating/
detecting apparatuses may further include an interlayer
dielectric between the lower metal layer and upper metal
layers on the transmitting region. The interlayer dielectric
may surround the lower metal layer on the active region of the
substrate and, may have the same level as the graphene layer.

In even other embodiments, the graphene layer may have a
width line greater than that of the lower metal layer.

In yet other embodiments, the lower metal layer may
include nickel (Ni), copper (Cu), or platinum (Pt).

In further embodiments, the terahertz wave generating/
detecting apparatuses may further include a transmitting
antenna connected to the lower metal layer and the upper
metal layers on the transmitting region. The substrate may
have a reception region which is defined in the other side of
the active region facing the transmitting region. The lower
metal layer and the upper metal layers may extend to the
reception region. The terahertz wave generating/detecting
apparatuses may further include a receiving antenna con-
nected to the lower metal layer and upper metal layers on the
reception region.

In still further embodiments, the terahertz wave generat-
ing/detecting apparatuses may further include a bias input
terminal to which a bias voltage is applied to generate or
amplify the terahertz wave, the bias input terminal being
disposed between the lower metal layer and the upper metal
layers, and the bias input terminal in which a bias voltage is
applied for generating or amplifying the terahertz wave.

In other embodiments of the present invention, methods for
manufacturing a terahertz wave generating/detecting appara-
tus include forming a lower metal layer in an active region and
a transmitting region of a substrate in; forming a graphene
layer in the lower metal layer in the active region; forming the
graphene layer and the lower metal layer with a predeter-
mined line width in a first direction;

forming an interlayer dielectric around the graphene layer
in the active region and on the lower metal layer in the trans-
mitting region; and forming a plurality of upper metal layers
extending in the first direction on the graphene layer and the
interlayer dielectric in the transmitting region, wherein the
plurality of upper layers are spaced apart from each otherin a
second direction crossing the first direction.

In some embodiments, the methods may further include
etching the lower metal layer with a line width less than that
of the graphene layer. The etching of the lower metal layer
may include a wet etching method. The wet etching method of
the lower metal layer may be performed by using hydrofluoric
acid, nitric acid, or hydrochloric acid.

In other embodiments, the methods may further include
forming a dielectric layer between the upper metal layers on
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the graphene layer. The dielectric layer may include a poly-
mer formed by using an inkjet printing method or a screen
process method.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the present
invention and, together with the description, serve to explain
principles of the present invention. In the drawings:

FIG. 1 is a plan view of a terahertz wave generating/detect-
ing apparatus according to an embodiment of the inventive
concept;

FIG. 2 is a cross-sectional view of an active region of FIG.
1

FIGS. 3 to 10 are cross-sectional views of a method for
manufacturing a terahertz wave generating/detecting appara-
tus on the basis of FIG. 2 according to an embodiment of the
inventive concept; and

FIG. 11 is a plan view illustrating one application of the
terahertz wave generating/detecting apparatus according to
an embodiment of the inventive concept.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings in such a manner that the technical idea of
the present invention may easily be carried out by a person
with ordinary skill in the art to which the invention pertains.
The present disclosure may, however, be embodied in difter-
ent forms and should not be construed as limited to the
embodiments set forth herein.

In the drawings, anything unnecessary for describing the
present disclosure will be omitted for clarity, and also like
reference numerals in the drawings denote like elements.

In the specification and in the whole claims, when it is
described that one comprises (or includes or has) some ele-
ments, it should be understood that it may comprise (or
include or has) only those elements, or it may comprise (or
include or have) other elements as well as those elements if
there is no specific limitation.

It will be understood that when a layer, a film, a region, or
a plate is referred to as being ‘on’ another layer, film, region,
or plate, it can be directly on the other layer, region, or plate,
or intervening layers, films, regions, or plates may also be
present. On the other hand, it will also be understood that
when a layer, a film, an area or a plate is referred to as being
“directly on” another one, intervening layers, films, areas,
and plates may not be present.

FIG. 1 is a plan view of a terahertz wave generating/detect-
ing apparatus 100 according to an embodiment of the inven-
tive concept. FIG. 2 is a sectional view of an active region of
FIG. 1.

Referring to FIGS. 1 and 2, the terahertz wave generating/
detecting apparatus 100 according to an embodiment of the
inventive concept may include a substrate 10, a lower metal
layer 20, a graphene layer 30, an interlayer dielectric 40,
upper metal layers 50, a dielectric layer 60, and a transmitting
antenna 70.

The substrate 10 may have an active region 12, and a
transmitting region 14. The lower metal layer 20, the
graphene layer 30, the interlayer dielectric 40, and the upper
metal layers 50 may be disposed on the substrate 10 in the
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active region 12. The substrate 10 may have crystalline sili-
con. The crystalline silicon may be doped with impurities to
have high resistance. However, the present invention is not
limited thereto. For example, the substrate 10 may be formed
of various materials.

The lower metal layer 20 may extend from the active region
12 to the transmitting region 14 on the substrate in a first
direction. The lower metal layer 20 may be formed of nickel
(N1), copper (Cuw), or platinum (Pt).

The graphene layer 30 may be disposed on the lower metal
layer 20 of the active region 12 in the first direction. The lower
metal layer 20 may have a line width less than that of the
graphene layer 30. Each of the graphene layer 30 and the
lower metal layer 20 may have a mushroom shape in section.
The active region 12 of the substrate 10 may be substantially
defined by the graphene layer 30.

The interlayer dielectric 40 may be disposed between the
lower metal layer 20 and the upper metal layers 50. The
interlayer dielectric 40 covers the lower metal layer 20 in the
transmitting region 14. The graphene layer 30 and the inter-
layer dielectric 40 may have the same level in the active
region 12. The upper metal layers 50 may be disposed on the
graphene layer 30 and the interlayer dielectric 40. The inter-
layer insulation layer 40 may include a silicon oxide layer or
a silicon nitride layer.

The upper metal layers 50 may extend in the first direction.
The upper metal layers 50 may be spaced apart from each
other in a second direction on the graphene layer 30 and the
interlayer dielectric 40. Each of the upper metal layers 50 may
be formed of a metal such as titanium (Ti), platinum (Pt),
copper (Cu), or aluminum (Al).

The dielectric layer 60 may be disposed between the upper
metal layers 50. The dielectric layer 60 may be formed of a
polymer such as benzocyclobutene (BCB). The benzocy-
clobutene (BCB) may have a low refractive index. The upper
metal layers 50 and the lower metal layer 20 may be con-
nected to the transmitting antenna 70 on a reception region 16
of the substrate 10.

A beating light source 80 may respectively emit laser light
82 onto each of side surfaces of the graphene layer 30, the
lower metal layer 20, and the upper metal layers 50 in the
active region 12. The laser light 82 may have a plurality of
wavelength bands having a small wavelength difference ther-
ebetween. The laser light 82 may be beat. Here, it may be
defined as the laser light 82 having a first wavelength A1 and
a second wavelength A2 is beat. The beated laser light 82 is
coupled to a first boundary surface between the lower metal
layer 20 and the graphene layer 30 or a second boundary
surface between the graphene layer 30 and the upper metal
layers 50 to generate a surface plasmon polariton that is a
progressive wave of a high-density electron. The surface plas-
mon polariton may be generated by an interaction between
free electrons of the metal surface and the laser light 82. The
graphene layer 30 may function as an N-type or P-type semi-
conductor by beating of the laser light 82. The graphene layer
30 may be activated by the surface plasmon polariton to
generate a terahertz wave. Also, the lower metal layer 20 may
be used as a medium for generating and transmitting the
terahertz wave. The terahertz wave may be transmitted up to
the transmitting antenna 70 along the lower metal layer 20
and the upper metal layers 50. The transmitting antenna 70
may transmit the terahertz wave to the outside. Although not
shown, the transmitting antenna 70 or a bias input terminal
(not shown) may be disposed between the upper metal layers
50 and the lower metal layer 20. A band gap of the graphene



US 9,130,082 B2

5

layer 30 may be controlled or the terahertz wave may be
amplified by a power voltage which is inputted into the bias
input terminal

A method for manufacturing the terahertz wave generat-
ing/detecting apparatus 100 according to an embodiment of
the inventive concept will be described below.

FIGS. 3 to 10 are cross-sectional views illustrating a
method of manufacturing terahertz wave generating/detect-
ing apparatus 100 on the basis on FIG. 2 according to an
embodiment of the inventive concept.

Referring to FIG. 3, a lower metal layer 20 is formed on a
substrate 10. The lower metal layer 20 may be formed of a
metal such as nickel (Ni), copper (Cu), or platinum (Pt). The
metal may be formed by a sputtering method, a thermal
deposition process method, or a chemical vapor deposition
method.

Referring to FIG. 4, a graphene layer 30 is formed on the
lower metal layer 20. The graphene layer 30 may be formed
by the chemical vapor deposition method. The lower metal
layer 20 may be used as a growth catalyst layer of the
graphene layer 30.

Referring to FIG. 5, the graphene layer 30 and the lower
metal layer 20 are patterned. Each of the graphene layer 30
and the lower metal layer 20 may be patterned by an electron
beam lithography method or a photolithography method.

Referring to FIG. 6, the lower metal layer 20 is reduced in
line width. The lower metal layer 20 may be etched by a dry
etching method and a wet etching method. The lower metal
layer 20 may be etched by used by using a well-known etch-
ing solution for the metal layer or an active gas such as
chlorine. The graphene layer 30 may have a line width larger
than that ofthe lower metal layer 20. The lower metal layer 20
may remain between the substrate 10 and the graphene layer
30. Thus, the lower metal layer 20 used as the catalyst layer of
the graphene layer 30 may be used as a medium for generating
and transmitting the terahertz wave.

Referring to FIG. 7, an interlayer insulation layer 40 is
formed on an entire surface of the first substrate 10. The
interlayer dielectric 40 may include a silicon oxide layer or a
silicon nitride layer that is formed by a chemical vapor depo-
sition method or a sol-gel method.

Referring to FIG. 8, the interlayer dielectric 40 is removed
to be planarized. The interlayer dielectric 40 may be pla-
narized by a dry etching method or a chemical mechanical
polishing (CMP) method. The interlayer dielectric 40 may be
removed until the graphene layer 30 is exposed.

Referring to FIG. 9, upper metal layers 50 are formed on
the graphene layer 30. The upper metal layers 50 may be
formed by a depositing process and a photolithography pro-
cess. A deposition process may include a sputtering method,
a thermal deposition method, or a chemical vapor deposition
method.

Referring to FIG. 10, a dielectric layer 60 is formed
between the upper metal layers 50. The dielectric layer 60
may be formed by using an inkjet printing method or a screen
process method.

FIG. 11 is a plan view illustrating one application of a
terahertz wave generating/detecting apparatus 200 according
to an embodiment of the inventive concept.

Referring to FIGS. 2 and 11, a terahertz wave generating/
detecting apparatus 200 may include a transmitting antenna
70 and a receiving antenna that are respectively disposed on
the transmitting and reception regions defined in both sides of
the active region 12. The receiving antenna 72 may receive a
terahertz wave from a terahertz source 90. The lower metal
layer 20 and the plurality of upper metal layers 50 may extend
to the reception region 16. The receiving antenna 72 may be
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6

connected to the lower metal layer 20 and the upper metal
layers 50. The terahertz wave may be transmitted from the
receiving antenna 72 to the lower metal layer 20 and the
plurality of upper metal layers 50. Although not shown, elec-
tric lines may be connected to the lower metal layer 20 and the
upper metal layers 50. An external power voltage may be
applied to the lower metal layer 20 and the upper metal layers
50 through the electric lines. The graphene layer 30 in the
active region 12 may function as the N-type or P-type semi-
conductor. The lower metal layer 20 and the plurality of upper
metal layers 50 may correspond to a gate, a source, and a drain
of a transistor. The terahertz wave may be amplified or
detected by performing a switching operation of the transis-
tor. The amplified terahertz wave may be transmitted to the
outside through the transmitting antenna 70 in the transmit-
ting region 14.

Thus, the terahertz wave generating/detecting apparatus
200 according to the present invention may amplify or detect
the terahertz wave.

The terahertz wave generating/detecting apparatus accord-
ing to the embodiment of the inventive concept may include
the lower metal layer, the graphene layer, and the upper metal
layers. The graphene layer may be disposed between the
graphene layer and the upper metal layers. The lower metal
layer may become to the catalyst layer for forming the
graphene layer. When the beated laser light is emitted onto the
graphene layer and the lower metal layer, the surface plasmon
polariton may be generated on the boundary surface between
the graphene layer and the lower metal layer. The graphene
layer may be activated by the surface plasmon polariton to
generate the terahertz wave. The lower metal layer may be
used as the medium for generating and transmitting the tera-
hertz wave.

Thus, the terahertz wave generating/detecting apparatus
according to the embodiment of the inventive concept may
generate, amplify, and detect the terahertz wave by using the
graphene layer as the active layer.

The above-disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and scope
of the present invention. Thus, to the maximum extent
allowed by law, the scope of the present invention is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

What is claimed is:

1. A terahertz wave generating/detecting apparatus com-

prising:

a substrate including an active region and a transmitting
region;

a lower metal layer extending in a first direction and dis-
posed on the active region and the transmitting region of
the substrate;

a graphene layer disposed on a portion of the lower metal
layer disposed on the active region of the substrate;

a plurality of upper metal layers extending in the first
direction and disposed on the graphene layer and the
transmitting region of the substrate; and

a dielectric layer disposed on the graphene layer and
between two adjacent upper metal layers,

wherein a terahertz wave is generated or amplified by a
surface plasmon polariton that is induced on a boundary
surface between the graphene layer and the lower metal
layer when beat laser light is applied to the graphene
layer and the lower metal layer.
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2. The terahertz wave generating/detecting apparatus of
claim 1, wherein the upper metal layers are spaced apart from
each other in a second direction crossing the first direction.

3. The terahertz wave generating/detecting apparatus of
claim 1, wherein the dielectric layer comprises a polymer.

4. The terahertz wave generating/detecting apparatus of
claim 3, wherein the polymer comprises benzocyclobutene
(BCB).

5. The terahertz wave generating/detecting apparatus of
claim 1, further comprising an interlayer dielectric between
the lower metal layer and portions of the upper metal layers
disposed over the transmitting region.

6. The terahertz wave generating/detecting apparatus of
claim 5, wherein the interlayer dielectric is disposed on side
surfaces of the portion of the lower metal layer disposed on
the active region of the substrate and has a top surface that is
coplanar with a top surface of the graphene layer.

7. The terahertz wave generating/detecting apparatus of
claim 1, wherein the graphene layer has a width line greater
than that of the lower metal layer.

8. The terahertz wave generating/detecting apparatus of
claim 1, wherein the lower metal layer comprises nickel (Ni),
copper (Cu), or platinum (Pt).

9. The terahertz wave generating/detecting apparatus of
claim 1, further comprising a transmitting antenna coupled to
portions of the lower metal layer and the upper metal layers
disposed on the transmitting region of the substrate.

10. The terahertz wave generating/detecting apparatus of
claim 9, wherein the substrate further includes a reception
region, the reception region and the transmitting region being
disposed on opposite sides of the active region in the first
direction.

11. The terahertz wave generating/detecting apparatus of
claim 10, wherein the lower metal layer and the upper metal
layers extend to the reception region.

12. The terahertz wave generating/detecting apparatus of
claim 11, further comprising a receiving antenna connected to
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portions of the lower metal layer and the upper metal layers
disposed on the reception region of the substrate.

13. A method for manufacturing a terahertz wave generat-
ing/detecting apparatus, the method comprising:

forming a lower metal layer on an active region and a

transmitting region of a substrate;

forming a graphene layer on a portion of the lower metal

layer disposed over the active region;
patterning the graphene layer and the lower metal layer to
have a line-shape that extends in a first direction;

forming an interlayer dielectric around the graphene layer
disposed over the active region and on a portion of the
lower metal layer disposed on the transmitting region;

forming a plurality of upper metal layers extending in the
first direction on the graphene layer and a portion of the
interlayer dielectric disposed on the transmitting region;
and

forming a dielectric layer on the graphene layer and

between two adjacent upper metal layers,

wherein the plurality of upper layers are spaced apart from

each other in a second direction crossing the first direc-
tion.

14. The method of claim 13, further comprising etching the
lower metal layer to have a line width less than that of the
graphene layer.

15. The method of claim 14, wherein the etching of the
lower metal layer comprises a wet etching method.

16. The method of claim 15, wherein the wet etching
method for the lower metal layer is performed by using
hydrofluoric acid, nitric acid, or hydrochloric acid.

17. The method of claim 13, wherein the dielectric layer
comprises a polymer, and wherein forming the dielectric
layer comprises using an inkjet printing method or a screen
process method.



